ABSTRACT Social stress resulting from varied group sizes with density in caging systems is a common problem that affects bird welfare in the poultry industry in the United States. To examine whether there is a genetic basis for variations in response to group size and density, 2 genetic strains of White Leghorn hens were used in this study: HGPS, a line selected for high group productivity and survivability in multiple-bird cages and DXL (Dekalb XL), a commercial line individually selected for production. Birds from each line were housed in either 4-bird cages (542 cm 2 /bird) or 10-bird cages (434 cm 2 /bird) from 17 to 60 wk of age. Blood samples, BW, and adrenal weight were collected from the birds at 30, 45, and 60 wk of age (n = 12, respectively) after euthanasia. Subsets of T cells (CD4 + and CD8 + ) were measured by flow cytometry. Hematological parameters were collected from blood smears. Results showed that there were no significant differences for BW, the relative adrenal glands, and the heterophil:lymphocyte ratio between and across lines after the treatments (P > 0.05, respectively). Compared with DXL birds, the HGPS birds had a greater ratio of CD4 + :CD8 + at 30 and 45 wk of age. There was an age-associated decrease in CD4 + cells in all groups from 45 to 60 wk of age. However, an age-related decrease in CD8 + cells from 45 to 60 wk was found in the DXL birds only. The unique changes in T-cell subpopulations and the ratio of CD4 + :CD8 + may suggest that HGPS birds had a greater cell-mediated immunity than DXL birds. The genetic basis of variations in immunity may correlate with the line-unique ability of birds to cope in social environments and their survivability.
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Group Size and Density Effects on Physical Indices and Cell-Mediated Immunity in Two Genetic Lines of White Leghorn Layers INTRODUCTION
Social stress resulting from varied housing environments (different group sizes and densities) and its implications for chicken welfare are concerns for the poultry industry in the United States. Because of the economic pressures of production, layer hens are densely confined in conventional cages (also termed battery cages). A survey conducted in 1991 revealed that 98% of egg production in the United States comes from caged birds (Bell, 1993) . Multiple-hen cages offer several economic advantages to producers, such as improved feed efficiency and health status of birds, reduced labor for managerial practices, and cleaner eggs, resulting in low production costs compared with other production systems such as free range (Appleby et al., 2004) . Disadvantages of the cage system include increased aggression and cannibalism, causing bird injury and death (Craig and Muir, 1996a) . Producers have used dim lights with and without beak trimming to prevent these damaging behaviors; however, these management practices have adverse bird welfare implications (Kuenzel, 2007) . There is growing public concern regarding the well-being of birds in the cage production system. Selective breeding of chickens for kind and gentle behaviors may be a bird-friendly alternative to address these problems and to improve bird well-being.
A line of White Leghorn chickens was selected for high group productivity and survivability (HGPS) by using a selection program termed "group selection" (Craig and Muir, 1996a,b; Cheng et al., 2001a,b) . Group productivity was based on average rate of lay and survivability, determined by days of survival. Birds were not beak trimmed, and high light intensity was used to provide conditions that allowed expression of aggressive behavior (Craig and Muir, 1996a,b) . The selected line was developed by crossing 6 commercial lines in 1982, one of which was the commercial line Dekalb XL (DXL). Compared with DXL birds, the HGPS line had a better feather score as well as reduced flightiness and cannibalism (Craig and Muir, 1996a,b) . In addi-tion, HGPS birds were more tolerant of heat and cold stress, as indicated by a lower mortality and greater egg production (Hester et al., 1996) . The differences in survivability and resistance to various stressors between the lines might also have been due to the differences in immunity between the lines.
The immune system of birds, similar to mammals, is controlled by genes and the interactions of genes with their environments. Cheng et al. (2001b) showed that HGPS birds housed in single-bird cages had a better T-lymphocyte profile than did birds of an LGPS line (a selected line with low group productivity and survivability), indicating that group selection can improve the efficiency of cell-mediated immunity. The study indicated that group selection is an effective strategy in adapting birds to their environment by improving their immune system. Similar to these findings, other experiments have also demonstrated that genetic selection can alter the antibody response to pathogens (Yunis et al., 2000) as well as to a challenge with SRBC (Martin et al., 1989) . The changes in immunity can be induced by multiple factors, including the alteration of pathophysiological processes by stress (Grammatopoulos and Chrousos, 2002) or selection for physical characteristics such as growth rate (Nestor et al., 2000) .
These studies suggest that selective breeding in animals, including chickens, based on a characteristic such as kind and gentle behaviors, productivity, or both could affect the physiological functions of the animals, such as immunity, and their response to stimulation. However, this hypothesis has not been examined in the current selected chicken lines. The objectives of this study were to determine the effects of genetic selection and hen age on the physical characteristics and immune function of birds in response to a simultaneous increase in group size and density.
MATERIALS AND METHODS

Genetic Strains
The 11th generation of hens from the HGPS and DXL lines was used in this study. The differences between the selected lines in productivity and survivability were reported previously (Craig and Muir, 1996a) . In our study, chicken care guidelines were in strict accordance with the rules and regulations set out by the Federation of Animal Science Societies (Craig et al., 1999) . The experimental protocol was approved by the Institutional Animal Care and Use Committee at Purdue University. Efforts were made to minimize animal suffering and the number of birds used.
Experimental Design
Birds were raised in a standard commercial growing facility until 17 wk of age and were then moved to a laying facility, where they remained until 60 wk of age. Birds were maintained in group sizes of 4 (542 cm 2 / bird) or 10 (434 cm 2 /bird) to create extensive and intensive cage environments, respectively, and to form a 2 (genetic line) × 2 (group size) factorial experimental design (i.e., HGPS 10, HGPS 4, DXL 10, and DXL 4, respectively; n = 12 cages per treatment, 336 total birds). Higher density was coupled with increased group size to increase the intensity of social stress. Birds within a genetic line were randomly assigned to their treatments, which were randomly distributed around the room to prevent a building effect. Birds were not beak trimmed for this study. Feed and water were provided ad libitum and the lighting program was 16L:8D.
Body and Organ Weights
After sedation with sodium pentobarbital and euthanization by cervical dislocation at 30, 45, and 60 wk of age, BW of the birds were recorded (n = 12 per time point). After dissection, the right adrenal glands were weighed. Relative adrenal weight (absolute adrenal weight/BW) was used for the statistical analysis.
Flow Cytometry Analysis for Immunocompetent Cells
Blood samples were collected in heparin tubes (BD, Franklin Lakes, NJ) at 30, 45, and 60 wk of age. Fifteen milliliters of blood was taken by cardiac puncture from each chicken within 2 min of being taken from their cages after sedation and before euthanization. The heparinized blood samples were stored on ice, then transported from the poultry farm to the laboratory facility and centrifuged at 700 × g for 15 min at 20°C. Lymphocytes were isolated from the buffy coat layer of the centrifuged blood and analyzed by flow cytometry (Epics XL-MCL, Beckman Coulter Inc., Fullerton, CA). The cell numbers in the lymphocyte solution were obtained by using a Coulter Z1 cell counter, and the cells were then suspended in RPMI 1640 medium (Sigma-Aldrich, St. Louis, MO) at 1 × 10 6 cells/mL. A 200-μL quantity of the cell suspension of each sample was added to separate tubes for phenotype determination by using direct fluorescein isothiocyanate-and phycoerythrin-conjugated antibodies for CD4 + and CD8 + immune cells (Southern Biotechnology Inc., Birmingham, AL), respectively. The cells were incubated for 1 h at 4°C with antibody concentrations based on the results of our preliminary study, as follows: 50 μL of 1:50 and 1:100 diluted for CD4 + and CD8 + cells, respectively. After washing 3 times with fluorescence-activated cellsorting solution by centrifugation (1,800 × g for 5 min at 4°C) and then fixing with 1.0% paraformaldehyde, the percentage of labeled cells was determined by using a Coulter XL MCL flow cytometry instrument (Beckman Coulter Inc.) with a 488-nm air-cooled argon laser for excitation, a 525-nm-band pass for fluorescein isothiocyanate labels, and a 575-nm-band pass for phycoerythrin detection. All necessary negative controls were included (Eicher et al., 2000; Cheng, 2005) . The results were analyzed by using system II software (Beckman Coulter Inc.), and the results were reported as the percentage of total live cells.
Hematological Parameters
Unheparinized blood samples collected from chickens at 30, 45, and 60 wk of age were smeared on a slide by using a cover glass and stained with Wright's stain. The white blood cells were identified based on descriptions by Campbell (1988) . The percentages of eosinophils, basophils, monocytes, heterophils, and lymphocytes were calculated by counting 100 white blood cells at 2,000× magnification. Heterophil-to-lymphocyte (H:L) ratios were then calculated.
Statistical Analysis
The experimental design was completely randomized, with the treatment and lines as the main effects. Diagnostic tests were conducted to determine whether data had a normal distribution. Data that were not normal were transformed to meet normality. Analysis was done by using PROC MIXED (SAS, version 9.1, SAS Institute, Cary, NC). A Tukey-Kramer adjustment was used to account for multiple comparisons. Statistical significance was at P < 0.05 (0.10 was considered a trend).
RESULTS AND DISCUSSION
No significant intraline or interline differences were found in analysis of BW and relative adrenal gland weights in birds (Table 1 ). Similar to our study, other studies in which increased group size was confounded with increased cage density showed that this more intensive cage environment did not affect the BW of the HGPS or DXL birds or the BW between the HGPS and LGPS birds (Craig and Muir, 1996a; Hester et al., 1996; Cheng et al., 2002 Cheng et al., , 2003 Cheng and Muir, 2004) or Hyline Brown layer hens (Benyi et al., 2006) . Although it was not examined in this study, increased group size and density may have caused an initial decrease in BW immediately after birds were recaged at 17 wk of age (acute social stress). This effect could then have been negated by birds becoming habituated to an undisrupted social environment (see Guhl, 1964 , for a review) from 17 to 60 wk of age (chronic social stress). In support of this hypothesis, Edens (1987) reported that birds from unstable pairs, but not those from social stable pairs, had a reduced BW after regrouping. Gvaryahu et al. (1996) also reported that BW was not changed in chickens at 6 wk of age after intermingling heavy and light strains at 1 d of age, although it caused a detectable social stress response. Furthermore, a study comparing weaning age in beef calves found that compared with conventionally weaned calves, early-weaned calves had an initially reduced BW but weighed as much or more at a later age (Arthington et al., 2005) . Moreover, in rats, weight loss produced by short-term food restriction could be prevented by repeated handling for 20 d (Carrera et al., 2006) . These results indicate that stress-caused changes in BW and organ weights were affected by multiple factors, including the type, degrees, and duration of stressors. The current and previous results suggest that BW may not be a good indicator of chronic social stress in animals or in chickens, especially in a socially stable environment.
Changes in hematological parameters (Table 1 ) and subpopulations of T lymphocytes attributable to simultaneous changes in group size and cage density are shown in Table 2 . There were no significant changes in the percentages of heterophils and lymphocytes, or in the H:L ratio in the birds between strains, group sizes, and their interactions.
There was an age-related decrease in CD4 + cells in birds of both strains from age 45 to 60 wk, regardless of group size ( Table 2 ). The data are in agreement with previous findings showing that aging is associated with a reduction in T-cell proliferation (Marko et al., 2007) and impaired immune functions (Gruver et al., 2007) . Age-associated decline in cell-mediated immunity (Tcell functions) may be involved in the great susceptibil- 1 Data are expressed as least squares means ± SE. 2 DXL = Dekalb XL, a commercial line individually selected for production; birds were assigned to group sizes of 4 (DXL 4; 542 cm 2 /bird) or 10 (DXL 10; 434 cm 2 /bird). HGPS = a line individually selected for high group productivity and survivability in multiple-bird cages; birds were assigned to group sizes of 4 (HGPS 4; 542 cm 2 /bird) or 10 (HGPS 10; 434 cm 2 /bird). DXL birds are DXL 10 and DXL 4 grouped together, and HGPS are HGPS 10 and HGPS 4 grouped together.
3 H:L ratio = ratio of heterophils (H) to lymphocytes (L).
ity of hens to Salmonella Enteritidis infection during induced molting, which is often conducted in laying hens at 60 to 70 wk of age (Holt, 2003) . In support of this hypothesis, previous studies have found that there are age-related differences in the responses of chickens to vaccination and infection with Mycoplasma gallisepticum and Salmonella enterica serovar Enteritidis (Beal et al., 2005) . The percentage of CD8 + in the DXL birds (both DXL10 and DXL4) tended to decrease from 30 to 60 wk of age (Table 2 ; P < 0.10). The CD8 + cells are cytotoxic T cells that are involved in cell-mediated immunity by directly targeting infected cells (Janeway et al., 2001) . The data may indicate that DXL birds may have a low cell-mediated immunity.
Reduced immunocompetence in DXL birds was further evidenced by the low CD4 + :CD8 + ratio (Table 2 ). The CD4 + :CD8 + ratio has been used as an indicator of cell-mediated immunity. Previous studies in mammals have demonstrated that efficient cell-mediated immunity is achieved when CD4 + :CD8 + is greater than 1.5 (Levinson and Jawetz, 1996) ; otherwise, survivability is damaged (Reid and Tervit, 1995) . A low CD4:CD8 ratio is also associated with immunocompetence in chickens (Bridle et al., 2006) . Similar to those findings, the current results show that the CD4 + :CD8
+ ratio was higher than 1.5 in the HGPS birds, but not in the DXL birds from 30 to 45 wk of age. This may indicate that cellmediated immunity was greater in birds of the HGPS line than in birds of the DXL line. The data indicate that there is a genetic basis for variations in immunity between the lines. Similarly, Bumstead et al. (1993) and Beal et al. (2005) also reported line differences in the susceptibility of chickens after a challenge with infectious bursal disease virus and Salmonella enterica serovar Typhimurium. Bumstead et al. (1993) further indicated that a single gene was involved in the immune differences.
The reasons underlying differential regulation of subpopulations of T cells between the HGPS and DXL lines remain unclear, but could be similar to the cellular mechanisms reported by Bumstead et al. (1993) . Compared with the HGPS line, immunosuppression in the DXL birds could be a result of group size coupled with a change in cage density-associated activation of certain gene(s) that are involved in the suppression of T-cell proliferation or their immune function. However, this hypothesis needs to be examined further. The ratio was reduced in both lines from age 45 to 60 wk regardless of the cage environment, which further supports the view that this is a universal characteristic of the effect of aging on cell-mediated immunity (Mittler and Lee, 2004; Beal et al., 2005) .
In conclusion, this study demonstrated that there are line differences in the regulation of subpopulations of T cells in response to group size. These results suggest that different selection programs, group vs. single selection, differently affected bird immunity. The differences may be involved in regulating the unique characteristics of each line in displaying domestic behaviors, productivity, and longevity as well as in adapting to group size, factors which have been reported previously. The results also demonstrate that in birds, as in mammals, cell-mediated immunity declines with aging. The current selected lines could be used as animal models to examine the effects of genes and genetic-environmental interactions on the immune system and age-associated susceptibility to infection and inflammation. Different superscripts within a row indicate that the values are significantly different (P < 0.01). 1 Data are expressed as least squares means ± SE. 2 DXL = Dekalb XL, a commercial line individually selected for production; birds were assigned to group sizes of 4 (DXL 4; 542 cm 2 /bird) or 10 (DXL 10; 434 cm 2 /bird). HGPS = a line individually selected for high group productivity and survivability in multiple-bird cages; birds were assigned to group sizes of 4 (HGPS 4; 542 cm 2 /bird) or 10 (HGPS 10; 434 cm 2 /bird). DXL birds are DXL 10 and DXL 4 grouped together, and HGPS are HGPS 10 and HGPS 4 grouped together.
